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direction in the same way as a force can be resolved Suppose we
calculate the angular momentum of a gyroscope about a line drawn
from the instrument to a star, given the mass of the wheel, its dimensions,
and rate of spin, and, to simplify the problem, we can imagine that this
line coincides with the axle of the wheel. If the axle is tilted so that
it no longer points towards the star, the angular momentum about the
line from the gyroscope to the star will be less than it was originally.
The principle of the conservation of angular momentum states that it
would be the same, provided no external forces acted on the system.
Of course the muscles of the hand are responsible for an external force
in the present case and hence the principle is vitiated.

Why the axle of the rotor tends to maintain the same direction.

We can now see why the axle of the spinning wheel tends to maintain
the same direction with reference to some object fixed in space, the
nearest approach to which is one of the "fixed" stars. (Incidentally no
stars are fixed ; they are all moving rapidly, some with speeds of hundreds
of miles a second, but they are so far away that this speed dwindles into
insignificance in comparison with the immense distances, and we can
regard them as fixed for our present purpose.) If the axle of the gyro-
scope did not point in the same direction (assuming that no external
forces acted on it) the principle of the conservation of angular momentum
would not be true, because the system would be able to alter its position
in such a manner that the angular momentum about a fixed line would
not be the same. It is obvious, therefore, from the fundamental prin-
ciple of the conservation of angular momentum, that the axle of a gyro-
scope tends to remain in the same position in which it was placed,
provided no external forces act on it, and this explains why a resistance
is felt when the axle is forcibly tilted to different directions in space.

The single-framed gyroscope with which the experiments have been
carried out (see pp. 16-17) is not very convenient for illustrating the
tendency of the axle of the spinning wheel to maintain a fixed direction
in space, but it can be used if certain precautions are taken. Attach a
piece of string to the frame in such a way that the axle of the wheel is
horizontal. The greater the accuracy one secures in balancing the
apparatus so that the axle is horizontal, the greater will be the success
of the experiment. Spin the wheel and suspend the gyroscope with the
string attached to the frame ; it will be seen that the axle either points
in the same direction or if not that it moves very slowly round in a hori-
zontal plane. If the point of attachment of the string is moved slightly
so that one end of the axis is higher than the other, precession will start,
and the greater the difference in the heights the greater is the rate of
precession. It will be found that it is difficult to hurry on the precession ;
any attempt to do so in a horizontal plane is resisted as if the gyroscope
had determined to set its own pace and resented any interference, and
the gyroscope will move in a vertical plane. Precession takes place for
the same reason as in the previous experiments when the vertical through
the point of support of the apparatus did not pass through its centre of
gravity.

It has been shown that the rate of precession increases as the gyro-
scope continues spinning and the reason for this will be given later.
We may anticipate what follows by stating that the rate of precession